
WORKLIGHT WITH THERMALWARNING

BACKGROUND OF THE INVENTION

The present invention relates to worklights such as quartz halogen worklights that

operate at a comparatively hot temperature.

Quartz halogen worklights are used in a variety of settings such as construction sites,

industrial plants, automotive and auto body repair shops, artist and photographic studios,

and around the home for do-it-yourself projects. These lights provide a high level of

illumination over an extended area. The quartz halogen bulbs, however, have a

comparatively high operating temperature, and consequently the exterior surfaces of the

worklights tend to get hot. Some worklight manufacturers apply a printed label to a

prominent surface of the worklight warning of a potential risk of fire or injury and warning

to keep the unit away from combustibles; others additionally print a "hot surface" reminder

warning on the label; yet others give no specific warning at all and rely instead on the

general astuteness of the user to recognize and appreciate the inherent hotness of the

worklight surfaces during and for a short duration following use.

SUMMARY OF THE INVENTION

The present invention provides an enhanced built-in warning mechanism to caution the

user when worklight surfaces are hot. A worklight incorporating the invention typically has

a housing that includes an interior portion for holding a light source such as one or more

quartz halogen bulbs. The light source operates at a temperature sufficient to raise at least

portions of the exterior surfaces of the housing to a temperature that is hot to human touch

during normal operation of the worklight. Briefly, the invention includes a thermochromic

substance in thermal communication with at least a portion of one of the exterior housing

surfaces in a readily visible position. The thermochromic substance is formulated to

undergo a conspicuous color change, in the normal operation of the worklight, in response

to heat from the external surface where it is located. Unlike the passive warning labels of

the prior art, the dynamic color change provides a timely visible indication to the user that

the exterior surface is presently hot to the touch.

In one cost-effective embodiment a thermochromic layer such as a band of

thermochromic ink is applied to the underside of a transparent substrate. Warning indicia,

such as a cautionary legend or symbol, are printed in non-thermochromic ink on the

underside of the thermochromic layer. The substrate is then adhered to a thermal



moderator material and the assembly is secured to the worklight surface. At room

temperature the thermochromic layer is opaque and obscures the cautionary warning. As

the worklight operating temperature is approached, heat is conducted through the thermal

moderator material to the thermochromic layer, which turns transparent to reveal the

5 cautionary warning. The thermal moderator in this embodiment enables the use of

thermochromic inks of lower activation temperature and provides for more uniform color

change over the thermochromic layer.

Various aspects, advantages, and novel features of the invention are described below

or will be readily apparent from the following specifications and drawings of illustrative

10 embodiments

.

BRIEF DESCRIPTION OF THE DRAWINGS

^ FIG. 1 is a perspective view of a worklight showing a thermal warning arrangement

CI according to the invention.

"2 FIGS. 2A and 2B are exploded views of alternative embodiments of the thermal warning

jW 5 arrangement of FIG . 1

.

BJ DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

7 An embodiment of the invention will now be described as incorporated into a popular

Q form of quartz halogen worklight. The worklight, illustrated in FIG. 1 , is formed with a

P J
housing 10, which has a body portion 1 1 and a front bezel 1 2 defining a front exit

UT20 window 13. The exit window is covered by a protective glass shield 14, in front of which

ll extends a protective grill 16. The housing includes an interior portion formed by interior

sidewall 17, bottom wall 18, back wall 19 and the opposing side and top walls, which are

not visible in FIG. 1 . The interior portion holds a light source, which in the embodiment of

FIG. 1 is provided by a pair of tubular quartz halogen bulbs 2 1 . These bulbs commonly

25 have a power rating of 250 to 300 Watts each so that the worklight has a total rating of 500 to

600 Watts. In the normal operation of the worklight these bulbs generate a significant

amount of heat.

Worklights such as this typically include specific measures for handling the excess

heat. These may include for example minimum bulb clearances, baffles or partitions about

30 the bulbs, cooling structures on the worklight body (such as the cooling vanes 22 visible on

an exterior side wall of the worklight in FIG. 1), thermal vents in the light-bulb chamber or

other regions of the worklight body, choice of materials for the walls defining the light-bulb



chamber, and even the use of thermal insulation. Notwithstanding these measures,

however, the exterior housing surfaces tend to become hot during the normal operation of

the light. The generation of excess heat is a common enough occurrence in worklight

designs that as a precaution against damage or injury, at least one major safety-certification

5 organization requires that during normal worklight operation no exterior surface attain a

temperature hotter than a prescribed maximum level.

The present invention provides an additional cautionary measure in the form of a

conspicuous thermal warning indicator 23 indicating that a surface of the worklight has

become potentially hazardously hot. Thermal warning indicator 23 is formed of a

10 thermochromic substance disposed on the worklight so that it is in thermal communication

with at least a portion of an exterior surface. The thermochromic substance is formulated to

undergo a conspicuous color change in response to heat from the exterior surface during

"3; normal operation of the worklight at an activation temperature indicating that the exterior

£0 surface is of a temperature that is hot to the touch or that is otherwise potentially hazardous.

fJ15 As used herein, "thermochromic" refers to the reversible capacity to change color in

HP response to temperatures at or above an activation temperature. "Color change" is

J understood in a broad sense to include not only changes in hue, saturation and intensity,

£ but also changes in opacity, and may include for example a change between completely

ff\
opaque and completely clear. The capacity to change color is reversible in the sense that

i^&O the color returns to its initial color when the temperature returns to its initial, subactivation

q level. The characteristic color change will generally occur as the temperature varies over a

rp~ transition range beginning at the activation temperature. For the purposes of the present

invention the color change may take place quickly over a narrow transition range or more

gradually over a broader transition range, just so long as the transition provides an

25 effective indication that the surface is hot.

Various formulations of thermochromic materials are available from a number of

commercial suppliers. These are typically available in the form of heat-activated inks,

paints or other coating compositions that change colors or disappear when they exceed a

predetermined activation temperature, then change back when the temperature decreases

30 below that same activation temperature. Thermochromic substances also include certain

liquid crystal compositions but these tend to be more expensive and have lower color
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density and reduced selectivity in color or activation temperature, and so the

thermochromic inks or coating compositions are generally preferred.

By way of example, certain thermochromic compositions are described in U.S. Patent

No. 4,717,710 to Shimizu et al.; U.S. Patent No. 4,957,949 to Kamada et al. and U.S. Patent

5 No. 3,431 ,697 to Kamata et aL, and one commercial source of thermochromic substances is

Matsui International Company, Inc. of Gardena, California, which provides a selection of

thermochromic inks as well as thermochromic paints for a variety of plastics and metals,

including die cast metals, brass, ABS, polystyrene, polypropylene, polyethylene, PVC and

other substrates. Of course, the thermochromic substances of the present invention are not

10 intended to be limited only to those available from Matsui International Company. Rather,

any number of commercially available thermochromic substances having activation

temperatures within the desired temperature range may be used.

~5 In the embodiment of FIG. 1 thermal warning indicator 23 is positioned on the front

Ki bezel 12 although it could also be positioned on another surface such as the top surface 24.

Q}5 In general, the indicator should be disposed in a readily visible location so as to give

HF conspicuous warning to the user or others.

1; FIG. 2A shows a first implementation of thermal warning indicator 23. On top is a

^ protective covering 26 of a transparent material. For the greatest visibility it is desirable

m that the transparent material be completely clear, although in some designs it may be

=^20 desirable for the material to take on a slight tint or opacity for aesthetic purposes. In the

p implementation of FIG. 2A the thermochromic substance takes the form of a thermochromic

^ layer 27 coated on the underside of covering 26, which serves here as a substrate for

carrying the thermochromic substance. Thermochromic layer 27 may, for example, simply

be a band of thermochromic ink printed on the underside, that is, the backside, of

25 substrate 26. Warning indicia 28 are printed, in turn, on the underside of thermochromic

layer 27 in a non-thermochromic substance. The warning indicia may take any form but will

typically comprise cautionary words such as "hot surface" or "caution" and may also

comprise a graphic symbol or design. To help regulate the temperature level at

thermochromic layer 27, a thermal moderator 29 is interposed between the thermochromic

30 layer and the underlying worklight surface 31. Surface 31 is formed with a recessed area 32

for receiving covering 26. The recessed area is formed so that covering 26 lies substantially

flush with surface 31 when cemented or otherwise secured in position in the recessed area.
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Protective covering 26 and thermal moderator 29 are held in place by bonding layers 33

and 34. The flush mounting eliminates any protruding edges that might inadvertently be

snagged or scraped, which could potentially damage or loosen the warning indicator. In

operation, thermochromic layer 27 in the implementation of FIG. 2A is normally opaque at

5 room temperature so as to obscure the indicia 28. As the worklight heats up and the

activation temperature is reached in response to heat from the underlying surface 31, the

thermochromic layer turns transparent so as to expose warning indicia 28.

FIG. 2B shows an alternative implementation in which like elements are labeled with

the same reference numerals as in FIG, 2A. In FIG. 2B the warning indicia 36 are themselves

1 0 formed of the thermochromic substance and printed directly onto the underside of a

transparent covering plate 26 serving as a substrate for the thermochromic indicia. A

non-thermochromic background lkyer 37 is applied over the indicia 36 onto the underside

of covering 26. The thermochromic indicia are normally transparent at room temperature

and change to a conspicuous color against background layer 37 as the operating

il5 temperature of the worklight surface is approached and the activation temperature of the

j thermochromic substance is attained.

£ The thermal warning indicator of the present invention may take various forms. There

are a number of tradeoffs, however, in the selection of any particular thermochromic

II substance and in the arrangement by which thermal communication is established between

S20 the thermochromic substance and the underlying external worklight surface. For one factor,

3 the color change may not necessarily occur uniformly over an extended thermochromic

area. Sometimes, for example, the thermochromic substance can take on a blotchy or

mottled appearance as the worklight surface approaches its operating temperature. This

may result from such causes as uneven heating of the underlying surface, uneven heat

25 transfer to the thermochromic substance, excessive temperature, or possibly even the

formulation of the thermochromic substance itself. While such uneven color change may

nevertheless provide an effective warning, it may also present an undesirable commercial

impression of lesser product quality and so is generally undesirable. Another factor is the

stability of the thermochromic substance above its activation temperature. For some

30 thermochromic formulations the desired color change occurs only within a limited range

above the activation temperature. If the temperature continues to rise to a level sufficiently

far above the activation temperature, then the color may fade or otherwise become less
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conspicuous, and in some instances with repeated exposure to excessive temperatures the

ability to undergo a color change may be lost altogether. Yet other factors are the selection

of colors available and the cost of the thermochromic substances, as some formulations are

more costly than others.

5 The embodiments of FIGS. 2A and 2B provide a desirable balance of these factors as

well as other benefits. Transparent protective coverings 26 provide protection against

scratching, abrasion and degradation of the thermochromic substance that may otherwise

result from exposure to environmental influences at the work site such as harsh chemical

exposure, grease, dirt, or airborne agents such as wind-entrained grit, sea salt or industrial

10 aerosols. A glass or plastic covering of appropriate formulation may even block UV

radiation to provide a measure of protection against UV degradation. The protective

covering also provides a convenient substrate on which the thermochromic substance and

5 non-thermochromic ink may be printed, making for a cost-effective fabrication. Bonding

ffi layer 33 may take the form of an adhesive layer applied to substrate 26 over the warning

yd 5 indicia and the associated layer 27 or 37. This assembly may be pre-fabricated with a

jF removable backing over the adhesive layer. In the course of worklight assembly the

i adhesive backing is removed and the protective cover with pre-applied indicia and

;LS
associated layer 27 or 37 is adhered in position, thus making for efficient worklight

flrt fabrication. Although the protective coverings in FIGS. 2A and 2B serve as the substrate on

!;520 which the thermochromic and non-thermochromic substances are applied, as an alternative

D the thermal moderator may serve as the substrate.

If the transparent protective covering 26 carrying the warning indicia and associated

background or thermochromic foreground layer is applied directly to the worklight surface

without the use of thermal moderator 29, the surface will generally get too hot for many

25 thermochromic inks, and this embodiment will generally require specialized formulations

of thermochromic inks to give commercially acceptable performance. To avoid the

necessity of specialized formulations and to permit the use of generally available lower-cost

thermochromic inks, the embodiments of FIGS. 2A and 2B interpose the thermal

moderator 29. The moderator is provided by a slab of material that is sufficiently thermally

30 insulating that it is able to support a temperature gradient between the exterior worklight

wall and the thermochromic substance. The thermal moderator serves to reduce the

temperature applied to the thermochromic substance and to smooth out the effects of
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thermal hot spots or other non-uniform heating at the worklight surface. The thermal

moderator thus serves to provide a more even temperature change over the full area of the

thermal warning indicator and to permit the use thermochromic substances having a lower

activation temperature, as well as moderating the range of temperature variation that the

5 thermochromic substance will be exposed to. Thus, in many configurations the use of a

thermal moderator will provide for a more stable and uniform operation and often a more

cost-effective construction. In the examples of FIGS. 2A and 2B the thermal moderator may

be provided by an epoxy-based board of the type used for printed circuit boards

approximately one-sixteenth to one-eighth inch in thickness. The suitability of any

10 proposed moderator material and its appropriate thickness are best determined

empirically by simply trying out different sample materials. In view of the complex nature

p of heat flow through and about a worklight and the great variation in worklight geometry

that is possible, as well as the mathematical complexity of thermal transfer characteristics of

common materials, the suitability and proper thickness of a thermal moderator material is

^15 not amenable to theoretical calculation, but may readily be determined by trial.

m In the embodiments of FIGS. 2A and 2B the thermal moderators 29 and the protective

^ coverings 26 are held in place by bonding layers. As mentioned above, bonding layer 33

0 may be an adhesive layer. The Layer 34 need not be the same as layer 33. For example,

moderator 29 may be epoxied in place while protective covering 26 is adhered in place by

11120 an adhesive layer. In general, any other convenient method may alternatively be used to

!rf secure the elements in place, such as by other bonding agents or even mechanically

securing the elements with screws, rivets, heat welding or the like, provided only that the

securement achieves a sufficiently uniform heat transfer from the worklight wall to thermal

moderator and from thermal moderator to thermochromic substance.

25 Alternatively to the embodiments of FIGS. 2A and 2B, a thermal warning indicator may

take the form of a thermochromic paint applied directly to the exterior worklight surface or

to a portion thereof in a conspicuous location. It will generally be necessary here to select a

thermochromic paint that provides a stable, non-blotchy color change over a temperature

range that extends at least up to the maximum permissible temperature level set by the

30 governing safety-certification agency. The uniformity or nonuniformity with which the

worklight walls heat up and the appearance of isolated hot spots on the surface depend on

the particular worklight design, its geometrical configuration, the size and positioning of
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the light bulb or bulbs, the positioning of vents and the like. Thus, the dimensions and

disposition of the area over which the thermochromic paint may be applied and still give

commercially acceptable performance will also vary from design to design. For a given

worklight design a suitable area to be covered is preferably determined empirically.

5 The thermal warning indicator is illustrated here in a quartz halogen worklight because

the hot-surface problem is particularly prevalent in such worklights. This is so because

quartz halogen bulbs are designed to run hotter than comparable standard incandescent

bulbs. Nevertheless, the invention disclosed herein may find use in any worklight that runs

hot regardless of the particular form of light source employed. In addition, although

10 embodiments have been described in which the thermochromic substance changes from

opaque to transparent or from transparent to opaque, no limitation to these changes alone is

intended. Rather, the particular color changes or combinations of color changes that may

be used to give adequate warning are limited only by the available selection of

39 thermochromic materials and the artistic creativity of the individual designer.

yl5 The above descriptions and drawings are given to illustrate and provide examples of

HF various aspects of the invention in various embodiments. It is not intended to limit the

jj invention only to these examples and illustrations. Given the benefit of the above

1 disclosure, those skilled in the art may be able to devise various modifications and alternate

S constructions that although differing from the examples disclosed herein nevertheless

1 1^20 enjoy the benefits of the invention and fall within the scope of the invention, which is to be

O defined by the following claims.
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